The Natural Course of Arteriosclerosis of the Lower Extremities
The critical evaluation of any type of treatment should be made against the background of the natural course of the disease, particularly in a generalized, progressive and somewhat unpredictable condition like arteriosclerosis.
In 1947 we decided to collect a series of patients suffering from arteriosclerosis who presented with intermittent claudication but without gangrene or pregangrenous changes, and to follow them up indefinitely. The aims of this project were threefold: (1) To obtain information about the natural course of the disease particularly on the prognosis for life and limb. (2) To provide a standard of comparison against which the results of the various methods of treatment employed, or any future methods introduced, could be measured and their value assessed. (3) To accumulate data which might be of value in investigating the cause of the disease.
The Claudicant Series From January 1947 until June 1953 all patients with arteriosclerosis of the lower extremities who presented with intermittent claudication but without gangrene or pregangrenous changes were followed up. There was no age limit and the claudication was of all grades of severity. The patients came from all walks of life, from company directors to coal heavers. At the initial visit, the patient's grade of claudication was determined by accompanying him on a walk round the hospital corridors. The patient walked at his normal speed and was told to mention at once the onset of pain and describe its character, direction of spread and alterations in severity without halting until forced to do so or until he had walked a mile. The walk was repeated at each visit. After the first few months a walking Meeting February 71962 Obstruction of the Lower Limb Arteries machine designed by Dr A H Ratcliffe was employed for this walking test.
At each visit a full limb examination was carried out and the blood pressure and other pertinent observations recorded. The patients were treated in the main conservatively. Some had lumbar ganglionectomies and a few tenotomies of the tendo achillis. In the older age groups, paravertebral blocks of the lumbar sympathetic ganglia with phenol were sometimes employed and amputations were carried out where necessary. No patient of this series had direct arterial surgery.
The series was closed in June 1953 and numbered 1,508. Twenty patients left the country and could not be followed up and all efforts to trace a further 12 failed, leaving 1,476 for consideration, who had been seen regularly in the department. In those who died the cause of death was. obtained from the general practitioner or hospital.
For the first few years all the patients were seen by myself and Dr Ratcliffe. In 1950 Dr Kenneth Bloor took over the project and has. been responsible for all the statistical work and analysis of the results to date which were published in his Hunterian Lecture (Bloor 1961) .
Results
Sex and age incidence: Only 156 (10 5 %) of the 1,476 were women and their average age of onset was 62-2 years in contrast to the male average of 57 5 years. 38 % of the women fell into the 65-74-age group in contrast to 17% of the men. Table 1 shows the age at onset of claudication. (Table 3) . The lack of precise information about the course of arteriosclerosis involving the lower extremities has led clinicians to take a gloomier view of the outlook for life than is warranted by the facts. Allen et al. (1955) Using this method of selection only the minority of patients are operated upon and these usually have an embolus at the bifurcation of the common femoral artery or in the aorta or iliac arteries. Lesser emboli associated with absent popliteal pulse and slight numbness of the toes are not sufficient indication for surgery since they do well on heparin treatment alone.
At operation, not only must the embolus be removed but also propagated clot which may ramify extensively through the arterial tree and here the technique of retrograde flushing is invaluable (Lerman et al. 1930 , Dye et al. 1955 , Crawford & DeBakey 1956 ). In the lower limbs it is essential that a popliteal pulse is restored and there must be no hesitation to extend the operation and reopen arteriotomies or make fresh ones if a trial reopening of the circulation shows the popliteal pulse has not returned.
Upper limb embolism is managed in the same way. Although one seldom finds it necessary to operate upon an upper limb with embolus there should be no reluctance to do so if the indications are there (Trumbull et al. 1959) .
In a series of 36 patients (53 limbs at risk) with major emboli to the limbs, 19 eventually left hospital (26 of the limbs originally at risk). Of these, 25 limbs were saved, 5 having had ischemia of fifteen to forty-eight hours' duration.
The remaining 17 died in hospital (not operative mortality); 11 of these were bilateral cases. The majority of deaths occurred from heart failure many days or weeks after a successful embolectomy. In all 36, the limb was considered to be irrecoverable without embolectomy. A distinctive arterial injury worthy of special mention may be seen following a severe blow on the shoulder. The axillary artery sustains a severe crush, possibly between coracoid process and the first rib, and it may be actually torn across or merely have its intima fractured with preservation of the adventitial coats. The narrowed pulseless segment (Fig 1) The ischiemic lower limb is usually pulseless, but when stenosis is not yet complicated by thrombosis, or when a short block is by-passed with a strongly developed collateral circulation, pulses can sometimes be felt at the ankle. The feet are often equally warm and pink at rest. But if the patient is exercised to the point of pain and the feet are re-examined, not only will the pulses have disappeared on the affected side, but the foot will have blanched. Both these features are due to the proximal shunting of the limited arterial inflow through the dilated muscular vessels in response to exercise.
Among other conditions which can obscure the state of the arterial function in a limb are animia and heart failure, the one commonly leading to worsening of claudication, and the other, particularly in the aged, to acute ischlmia and gangrene. Treatment of these conditions will improve the results of surgery, or may obviate it altogether. A general factor of great importance which is not always given the consideration it deserves is that nearly all male patients with obliterative arterial disease are cigarette smokers. Indeed, if a patient has never smoked one should suspect a non-atheromatous cause for his arterial closure. Over 10% of the patients in the present series had a known peptic ulcer or had already undergone partial gastrectomy, and late deaths from bronchial carcinoma in surviving patients from early in the series have begun to occur.
Most important among concurrent conditions is diabetes mellitus. The morbidity of ischiemia in these patients is much higher than in nondiabetics with similar occlusions (Schadt et al. 1961) With femoropopliteal lesions, on the other hand, symptoms must be really disabling if operation is to be justified (see Fig 1) . (2) The aorta and iliac arteries ( (Westminster Hospital, London) Although the number of papers on the prevention of post-operative adhesions is vast (Boys 1942 , Connolly & Smith 1960 surprisingly little is known of their etiology. The standard textbook description of adhesion formation is as follows: The injured or inflamed serosa pours out fibrin which rapidly produces fibrinous adhesions between adjacent surfaces. If the serosa is intact, this fibrin is soon reabsorbed; if, however, the serosa has been destroyed, then fibroblasts invade the fibrin which is converted into fibrous tissue, resulting in persistent fibrous adhesions. According to this hypothesis adhesions represent the scars formed in the healing of damaged peritoneum.
Against this theory must be placed the experimental observations that defects of the parietal peritoneum often heal without adhesions (Dembowsky 1888 , Franz 1902 , Williams 1955 and the clinical findings that large excisions of pelvic peritoneum can be effected without apparent harm to the patient (Robbins et al. 1949) .
I believe that the experiments now to be described, all of which were carried out on rats, suggest that the presence of ischemic tissue is an important, and hitherto neglected, factor in the formation of persistent fibrous adhesions. This work was commenced in the Nuffield Department of Surgery, Oxford, and completed at Westminster Medical School.
First the original experiments of Dembowsky were repeated. Large defects of parietal peritoneum were found to heal rapidly and, usually, without formation of adhesions; these developed in only 5 of 58 such experiments. In contrast, the meticulous repair of such defects (which could only be achieved by dragging tissues together under tension) was followed, in 16 out of 19 cases, by adhesions. Injection studies revealed that these adhesions were vascular ingrowths into the parietes (Fig 1) . Any other procedures designed to produce an area of ischemia on the parietal wall -whether by crush injury, firm ligation or free grafting -were similarly followed by the production of vascular adhesions.
Experiments on the small intestine: Increasing lengths of bowel were subjected to mesenteric division. If damage to the vascular arcades was avoided no adhesions were produced; whenever one or more of the arcades were divided, however, there was immediate blanching of the affected segment of intestine and subsequent adhesion formation was invariable. It was apparent that
